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Abstract 

The coupling constants of K and tt mesons with the octet baryons 
is studied in light cone QCD sum rules taking into account SU (3) j 
flavor symmetry breaking effects, but keeping the SU (2) isospin sym- 
metry intact. It is shown that in the SU{3) f flavor symmetry breaking 
case, all the couplings can be written in terms of four universal func- 
tions instead of F and D couplings which exist in SU{3)f symmetry 
case. Comparison of our results of kaon and pion baryon couplings 
with existing theoretical and experimental results in the literature is 
performed. 
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1 Introduction 



The analysis of baryon-baryon, baryon- meson scattering and photo-production 
experiments require the knowledge of the hadronic coupling constants involv- 
ing mesons. Experimentally, only hadronic coupling constant with pion gNN^K 
is determined accurately both from nucleon-nucleon and pion-nucleon scat- 
tering. However, situation for the kaon case is not simple and to reproduce 
experimental result for kaon-nucleon scattering cross section and kaon photo- 
production, many phenomenologically undetermined coupling constants are 
needed (see [1]). Therefore, it seems a formidable task to determine the kaon- 
baryon and pion-baryon coupling constants. For this reason, reliable theo- 
retical approach for estimating these coupling constants is needed. Among 
all non-pcrturbative methods, QCD sum rules [2] are especially powerful in 
studying the properties of hadrons. This method is successfully applied to 
investigation of a variety of problems in hadron physics, in particular the 
calculation of the meson-baryon coupling constants. Calculation of the pion- 
nucleon coupling constants received a lot of attention (sec e.g. [3-11]). 

The K meson baryon coupling constants also were studied in the frame- 
work of the sum rules (SR) method in [12-15] and in hght cone SR (LCSR) 
in [16]. 

The main result of these works is that the predictions of SR for meson 
baryon couplings depend strongly on the choice of the Dirac structure (see 
e.g. [9,10]). Our numerical calculations show that only the ^75 structure 
leads to a reliable prediction on the meson-baryon coupling constants. 

In this work, we will study pseudoscalar tt and K meson-baryon coupling 
constants in the framework of an alternative approach to the traditional SR, 
i.e. LCSR using the most general expression for hadronic currents as well as 
SU{3)f flavor symmetry breaking strange quark effects. LCSR is based on 
the operator product expansion near the light cone, which is an expansion 
of the time ordered product over the twist rather than the dimension of the 
operators. Main contribution in this approach comes from the operators 
having the lowest twist. The main ingredient of LCSR is the wave functions 
of hadrons, which define the matrix element of non-local operators between 
the vacuum and the one particle hadron state (for more see e.g. [17, 18]). 

It should be noted that kaon baryon coupling constants in SU{S) / sym- 
metry limit have been studied in [19] based on the known sum rules for the 
pion-baryon couplings. In the present work we have taken into account the 
SU (3) / breaking effects. It is well known that in SU (3) / symmetry limit, the 
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coupling constants of pions and kaons with baryons are described in terms of 
two universal constants: F and L'(see section 11). In the absence of this sym- 
metry, it is natural to ask how much of this structure still remains. One of 
the central problems addressed in this paper is the discussion of this question. 

The plan of the paper is as follows. In Sect. II, we demonstrate how kaon 
baryon coupling constants and the pion baryon couplings can be related in 
the SU{3)f symmetry breaking case. In Sect. Ill, the LCSR for the meson 
baryon coupling constants using the most general form of the baryon currents 
is derived. Sect. IV is devoted to the analysis of the LCSR and comparison 
on our results with the predictions of the other approaches. 



2 Relations Between K and n Coupling Con- 
stants. 



In this section, we will demonstrate how K and tt coupling constants to the 
baryons can be related. 

Let us briefly review the formulas for the coupling constants KNY, K'EY 
and TrEy {Y = S, A) in the SU{3)f symmetry limit. In this limit, the 
interaction Lagrangian can be written as 



£ = ^2 {DTrB {P, B} + FTtB [P, B]) 



where 



E+ 

Lyo I J_ A 

■^0 



p 

n 



and 



\ 



TT 

K- 



TT 



+ 



^0 



K+ \ 



(1) 



(2) 



(3) 



Here B^ represent the |^ octet baryons and P^ represent the 0^ pseudo 
scalar mesons. From the Lagrangian, the expressions for the K and tt cou- 
plings can easily be read off as: 
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Qnososo = F - D, g^+s+so = -V2{F - D), g^o,±Y.o,±K = --j=D 
9K-pA = 9vss ^ -^{3F + D), Qk-p^o ^D-F 
Qkoeoa = ^r,JVAr = -^(SF - D), Qkoeo^o ^ -{D + F), etc (4) 

In order to motivate the treatment in the SU{3)f violating case, let us 
write the current as 

JttO = X] a-K'^qqQlbQ (5) 
q=u,d,s 

where Qt^Ouu = —gwOdd = and g.,^Ogg = 0. Then the coupling of the pion 
to the B{qq, q') baryon which consists of two identical g-quarks and a third 
different g'-quark, can be written as: 



-^9nOBB = g-K0qq'2F + g^Og^g, {F - D) (6) 



or explicitly 



-^9pp7^° = g^K^uv^'F + g^odd{F - D) ^ —{F + D) 
;^fi'7rOs+E+ = ^7rOu«2F + g^Oss{F - D) = \PlF 
-^^^osOHO = ^^o,,2F + ^^o„„(F-L') = -^(F-D) (7) 

etc. 

In order to obtain relations between these coupling constants, let us write 
formally the coupling constant of the 7r° to the E° as 

;^5'7rOsoso = g-K^uuF + g-K^ddP + g-K^ss{F - D) (8) 

Note that this coupling is exactly equal to zero. Exchanging, first d ^ s and 
then u s, one obtains two auxiliary quantities: 

-^Sf^o sods sods = g-K^^uuF + g^ossF + g^oddiF — D) — ~^F> 
-^gT^of^ousf^ous = gT^OssF + gTrOddF + gT^OuuiF - D) = --j=D (9) 



The following relation holds: 

2D = V^^ttOEOA (10) 

Up to now, we have considered only the neutral 7r°. To study the couplings 
of the charged pions and kaons, let us first define the auxihary "hyperons" 

^us,ds and S^^ obtained from the normal A and S by the exchanges -u <-> s 
and d ■ir^ s. Using the wave functions of A and S° it can be shown that 

2\^% >= -|E0 > -\/3|A > 
2\Ads >= -v^lSO > +|A > 

2|El,>=-|S0>+v^|A> 
2|A„, >= V3|S0 > +|A > V ; 

where > and A^^^ are the V = 1 and = IZ-spin states respectively 
and > and |A„s > are the U = 1 and U = ?7-spin states. 

Now, let us write the formal coupling of the 7r~ with and the auxiliary 

Ad, 

2 

2^7r-S+Ad, = -Vs^^-s+so + ^^-s+A = --/=(3F + D) (12) 

Performing the exchange (i <-> s, A^, becomes the "physical" A, n~ becomes 
K~ and E+ becomes —p. Then we get: 

2 

which coincide with the SU{3)f symmetry prediction. 

Similarly, writing the coupling of the n~ to E"*" and the auxiliary A^,: 

2 

2^,r-S+A„, = VS^TT-S+EO + ^TT-S+A = ~ ^^^^ 

and performing the u <r^ s exchange, one obtains: 

2 (^.-s+A„J {u^s)^ 2^^-sOA = -^(3i^ + D) (15) 
In a similar way, starting from the formal couplings a7r-s+s" and Ott-ece" , 

ds ^-s 

and performing the d ^ s and u ^ s exchanges respectively, one can obtain 
the following relations: 

- 2 (^?.-E+EoJ (d ^ s) = 2gK-p^o = 2{-F + D) 

-2 (^.-E+Eo J {u^s) = 2^^ososo = -2(F + D) (16) 



2 (^7.-E+A,J {d^s) = -2gK-pK = ^(3F + D) (13) 
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These expression show how we can construct sum rules for the K baryon 
couphng constants, starting from the corresponding sum rules for the tt 
baryon coupling constants. 



3 Light Cone QCD Sum Rules for the Meson 
Baryon Couphngs 

In this section we will derive light cone sum rules for the meson baryon 
couplings. Sum rules for the meson-baryon couplings can be obtained by 
equating two different representations of a suitably chosen correlator, writ- 
ten in terms of hadrons and quark-gluons. We begin our calculation by 
constructing the following correlator: 

^B,-.B,M ^ ^ j d':,ev^M{q)\Tr,BAx)riBM\^) (17) 

where M. is either a pion or a kaon, rjB is the interpolating current of the 
baryon under consideration, T is the time ordering operator, and q is the 
momentum of the A^-meson. This correlator can be calculated on one side 
phenomenologically, in terms of the hadron parameters, and on the other side 
by the operator product expansion (OPE) in the deep Euclidean region 
— oo, using the quark gluon language. By matching both representations 
through the dispersion relations, one obtains the sum rules. 

Let us firstly discuss the phenomenological part of the correlator function 
Eq. ffT7|) . Saturating the correlator function by ground state baryons with 
quantum numbers of the corresponding baryons, we get 

{Pl,P2)= p2_M2 {Bl{pi)M{q)\B2{p2)) p2_J^2 + " " "(l^ 

where P2 = Pi + q, is the mass of the baryon Bi, and ■ ■ ■ stand for the 
contributions of the higher states and the continuum. 

The matrix elements of the interpolating currents between the vacuum 
and a single baryon state, Bi, with momentum p and having spin s is defined 
as: 

{0\VB^B^ip,s))=XBMP,s) (19) 

where As- is the overlap amplitude and u is the Dirac spinor for the baryon. 
In order to write down the phenomenological part of the sum rules from Eq. 
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(fTSj) it follows that one also needs the matrix element {Bi{pi)Ai{q)\B2{p2)) ■ 
This matrix element is defined as: 



{Bi{pi)K{q)\B2{p2)) = gB2BiMu{pi)ilMP2) 



(20) 



Using Eqs. (fT9l) and ( |20l) and summing over the baryons' spins, we get the 
following phenomenological representation of the correlator: 



where ■ ■ ■ stands for the contribution of the higher states and the continuum. 
From Eq. (12T1) . it is seen that the correlator has numerous structures and 
in principle any structure can be used for the determination of the meson- 
baryon coupling constant. But our numerical analysis show that the sum 
rules obtained from ^75 and 75 do not converge and hence can not be used 
for a reliable determination of the coupling constant. The sum rules obtained 
from the structure ^^75 do converge. But due to the small factor Mi — M2 
multiplying the structure (this factor goes to zero in the SU{3)f symmetry 
limit), any uncertainty in the sum rule gets enhanced, and hence the results 
are also not reliable. Thus we are left with the |( ^75 structure only. 

In order to obtain meson-baryon coupling we need the explicit forms of 
the interpolating currents for the baryons. It is well known that there is a 
continuum number of interpolating currents for the octet baryons. In our 
calculations we will use the following general forms of baryon currents 




+ (M2 - Ml) ^75 + (M1M2 - /)75) + ■ ■ ■ (21) 




u) 
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where a, b, c are the color indices, and t is an arbitrary parameter and C is 
the charge conjugation operator. The loffe current corresponds to the choice 
t = —1. Note that all currents except the current of A can be obtained 
from the current of S° by simple replacements. Recently it has been shown 
in [20,21] that it is also possible to obtain the current of A from the current 
of S*^ through: 

2r]Y,Q{d ^ s) + rjY^o = -a/St/a 

2r]Y.o{u ^ s) - rjY.0 = -V3??a (23) 

3.1 Relations Between the Correlation Functions 

Identities presented in Eqs. f l23|) and fl22l) . allow us to write all the correlation 
functions for the strong coupling constants of the tt"'^ and K^'^ to the baryon 
octet, in terms of only four functions. In the SU{3)f symmetry limit, all 
these couplings are related using symmetry arguments. The main power 
of our approach is that our relations do not make use of the exact SU{3)f 
symmetry and hence can be used to study various SU (3) / symmetry violation 
effects. 

Two of these four independent functions can be obtained from a slightly 
modified form of the correlation function 11^ . To start the derivation 
of the relationships between the various correlation functions, define: 

jjSo^eOttO ^ g^-jj-^(^u, d, s) + g„Sd^[{u, d, s) + g^ss^2iu, d, s) (24) 

where we formally write the quark content of in the form of Eq. ([5]). For 
a real pion, we have Qt^uu = —9^3.6, = ^'^d Qt^ss = 0. Hence, essentially 
ni(M,d, s), n'^(M,(i, s) and Ii2{u, d,s) is the contribution to the correlation 
function when the pion is emitted from the u, d, and s quark in S° respec- 
tively. 

Note that the current for TP is symmetric under the exchange of the u and 
d quark field operators. Hence the contribution of emission from the d quark 
can be obtained from the contribution of the emission from the u quark 
by a simple exchange of the u and d quarks, i.e Y\'-^{u,d,s) = Ili{d,u,s). 



This leaves us with only two independent expressions, i.e. Ili{u,d,s) and 
112(1*, d, s). In the following, we will use the formal notation: 

Ui(u,d,s) = (mu|E°EO|0) 

n2(M,(^,s) = (ss|E°EO|0) (25) 

In Hi substituting d instead of u, and using the fact that E°((i u) = 
\/2E+, we obtain 

4ni(K, u, s) = 2(mw|E+E>|0) (26) 

(The factor 4 on the left hand side is introduced due to the fact that, since E+ 
has two u quark, there are 4 ways that the 7r° can be emitted, but Ili{u, u, s) 
takes into account only one of these.) Also noting that since E"*" does not 
contain any d quark, 

ni:+-s+.o ^ ^^_^(^^|s+E+|0)+^,,,(ss|E+E+|0) 

= V2Ui{u,u,s) (27) 

Similarly, for E~, we obtain 

nE--.E-.o ^ g^^^{dd\j:-^-\o) + g^-ss{ss\j:-^-\o) 

= -V2U[{d, d, s) = -y/2Ui{d, d, s) (28) 

which concludes derivation of the relations between the couplings of 7r° to 

the S baryons. 

In order to derive relations for the coupling of 7r° to the proton and 
neutron, we need the matrix elements('uit| A^iV|0) and {dd\NN\0). In order 
to obtain the first matrix element, note that proton current can be obtained 
from the E+ current by replacing the s quark by the d quark. Hence 

{uu\pp\0) = ((«n|S+S>|0))(s ^d) = Ui{u, u, d) (29) 

In order to obtain {dd\pp\0), Il2{u,d,s) will be needed. First, replacing 
the d quark, by the u quark, we obtain 

U2(u, u, s) = (ss|E+E+|0) (30) 

and next, by replacing the s quark by the d quark, we obtain 

Ii2{u,u,d)^{dd\pp\Q) (31) 
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Hence we see that, 



YlP^pn° = g^uu{uu\pp\0) + g^^a{dd\pp\0) 

= V2U1 {u, u, d) ^n2('u, w, d) (32) 

v2 

Using similar reasoning, one can also derive the following relationships for 
the coupling of 7r° to the nucleon and 5 baryons: 

= -^Tl2{d,d,u)-y/m^{d,d,u) 



= -^n2(s,s,d) (33) 

v2 

which concludes the derivation of the couplings of 7r° to the baryons in terms 
of ni(?x, d, s) and 112(14, c?, s). 

Relating the analytical expression of the couplings of the neutral pion to 
the coupling of the charged pion is more subtle. To motivate the reasoning, 
consider the matrix element {dd\TPiy\{)) . This TP baryon contains one of 
each of the w, d and s quarks. In this matrix element, it is the d quarks 
which emit the final dd and the other u and d quarks act as spectators. 
Similarly, in the matrix element (M(i|S"'"E''|0), the d quark in E° and one 
of the u quarks in S+ form the state {ud\ and the other u and s quarks 
in both the baryons act as spectator. Thus it is reasonable to expect that 
{dd\TPTP\Gi) and {ud\T'^TP\Gi) are proportional. Indeed an explicit calculation 
of the correlation functions showed that 

= - W(dd|E°EO|o) = - V2n;(u, d, s) = -\/2ni(d, u, s){u) 

from which, after exchanging u and d quarks, one obtains 

- \/2(m|E°E0|0) = V2ni(ti,(i,s) (35) 
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Using a similar reasoning, it is expected that {uu\E'^'E^\0) should be pro- 
portional to ((iu|S~S°|0). An explicit calculation showed that 

_ (J„|2-H0|0) = -V2{uu\E^E^\0) = -U2{s, s, u) (36) 

and exchanging u and d quarks, we obtain: 

j^s-^ho^- _ (.ud|H°H"|0) = -V2(Jd|H°S0|0) = -U2{s,s,d) (37) 

Using similar arguments, one can show the following relations for the other 
correlation functions involving the pion and not involving A: 





= V2Ui{u,d,s) 




= ~V2U[{u, d, s) = -V2Ui{d, u, s 




= -Il2{d,d,s) 




= -Il2{u,u,d) 




= -Il2{u,U,s) 




= -Il2{d,d,u) 



(38) 

In order to obtain the expressions for the correlations involving the A baryon, 
one uses the relations given in Eq. fl2^ . Using those relations, one obtains: 

n^^^'^" = ^[Ui{u,s,d)-Ui{d,s,u) + U2{s,d,u) 

- 112(5, u, d) - ]^i{u, d, s) + ^ni(d, u, s) 

V6 

— 112(5, d, u) — 112(5, M, d)] 

np-^"^+ + v^n^-^^^ = -2v^ni(5,«,d) 

_nH«-.EOi.o ^ ^j^^o^A^o ^ 2v^ni(rf,5,«) 
^H^-^nK^ _ ^^A^uK^ ^ 2v^ni(5,d,M) 

n^o^HOxo _ ^ _2v/2ni(rf,5,«) 

^ ^n^^H-i^+ ^ 2Vmi{u,s,d) (39) 
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As one can see from the relations in Eq. fl39p . it is not possible to separate the 
correlations involving the A baryon from expressions involving the E° baryon 
using only the functions Hi and 112. In order to separate these correlation 
functions, we will choose two more independent functions: 

Us{u, d, s) = _n^"-=-^+ = -{us\E~t^\0) (40) 

and 

U4{u,d,s) = -U-~^^°^~ = -(sm|S°S"-|0) (41) 

The main motivation for choosing these two correlation functions is that one 
involves S° as an initial state and the other one involves E° as a final state. 
There are many other possible choices and each one would work equally well. 
For convention, these two are chosen in this work. 

Using these two correlations, by suitable replacements or exchanges of 
the quarks, one obtains the following relations: 



^so-E+x- ^ U''^P^~{s^d) = -V2U3{s,s,u) 
nS--.E-xo ^ U~-'''^-{u^d) = -V2U,{s,s,d) 
nE+^=o^+ ^ y^U'''-^~''\d^u) = -V2U,{u,u,s) 

n"-p-- = w^''''^{u^ d) = -Vm^{d,d,u) 

u) = —2113(5, d, u) 
{s ^ u,u d) = 2113(5, u, d) 
^d) = -2U3{u,s,d) 
d) 

d) = -V2U3{d,d,sy, 
^ u) = Hsi^d, u, s) 
d) = Yii{d, u, s) 
s) = — 2114(5, d, -u) 
[u ^ s,u ^ d) = 2114(5, u, d) 

n^"^^"'^" + Vsn^"^^-" = 2n="^^"^"(rf^5) = -2n4(ii,5,(i) 

d) (42) 





->pK- 


= 2n^°^=-^^(5< 




-*nKO 


= -2n^°-^="^^(, 




■S-7r+ 


= 2n^°--="^^(5< 




E+TT- 


= n^-^^"-''(«^ 






= n^"-=°^(«- 






= -u^'-^-''\d 




»EOkO 




nP-EOi^+ _ ygj^p- 


^AK+ 


= 2n="-^"^"(w 






= -2n='-^"^"(. 




-^AlT~ 


= 2n="^^°^-(rf. 




-+A7r+ 
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Hence we conclude our claim that all 45 strong coupling constants of the 
pions and the kaon to the octet baryons can be expressed in terms of only 
4 independent function without using any flavor symmetry. In Appendix 
A, we present each one of the correlation functions in terms of the four 
functions Ili{u,d,s), (i = 1, 2, 3, 4). In this work, we will work in the 
exact isosymmetry limit. In this limit, not all of the coupling constants 
are independent. In Appendix B, we present the relationships between the 
coupling constants in this limit. 

3.2 Expressions for the Functions Ilj 

In the previous subsection, we have shown that all the correlation functions 
can be expressed in terms of only four analytical functions which can be 
obtained from the correlation functions for the transitions — > S^tt'', E° — > 
S°ir° and S° TPK^. Hence it is enough to evaluate only the correlation 
functions for these transitions only. 

In the large Euclidean momentum —pi — > oo and —p2 — > oo region, the 
correlators can be calculated using the OPE. For this calculation, the propa- 
gators of the light quarks and matrix elements of the form {A4\q{xi)Tq' {x2)\0) 
where M. — or n^, and F is a member of the Dirac basis of the gamma 
matrices are needed. In order to study the SU{3)f violation effects, we have 
expressed the light quark propagator up to linear order in rrig and then for 
numerical analysis set m„ = = and 7^ 0. The matrix elements 
{A4\q{xi)Tq' {x2)\0) can be written in terms of the meson light cone distri- 
bution amplitudes. The explicit forms of these matrix elements are given 
in [22,23]: 

(M(p)|g(x)7^75g(0)|0) 

(>^(p)|g(a:)^75g(0)|0) 

{M{pMx)aap'y5q{0m 
{M{p)\q{x)af,^-f5gsGai3{vx)q{0)\0) 



2 px Jo 

Jo 



PaPn ( gvl3 - -^(P^^^ + Pl3^^) 
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+ PpPv (g^a - -^(PnXa+PaX^) 



{M{pMx)j^^5gsGap{vx)q{0)\0) = p,{PaX(3-P(3Xa)—fMml^ /pae*("^-+''"«)^'^^||(a,) 

px J 

+ Pp (^gfia - ~iPl^^» + Pc^^t^)^ 



- Pa (^gnf3 - -^{PnXp+Pf^Xf,)^ 

X /l,„e-K--...M.(«.) 

{MipMx)^^igsGapivx)qmo) = p,{PaXp-ppx^)—fMml^ /pae^("^-+''°«)^'^V||(ai) 

px J 

Pp (^gfia - ^{Pf,Xa+PaX^^)^ 



- Pa (^g^^p - ^iPuXp+PpXf,)^ 



'M 



(43) 



where hm = Im ^ "-h^,, ' I^m = ^^^^^^ , where qi and q2 are the quarks in 
the meson M., Va = dagdagdagS{l — ag — ag — ag), and the functions (p_m{u), 
A{u), M{u), (pp{u), ipa{u), T{ai), A±{ai), ^11(0;^), V±{ai) and V\\{ai) are 
functions of definite twist and their expressions will be given in the Numerical 
Analysis section. 

For the explicit form of the light quark propagator, we have used the 
expression: 
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igs / du 



m, 



327r2 ''"^ V"'V 4 



(44) 



where 7^; is the Euler Constant, 7^ ~ 0.577 and A is a scale that separates 
the long and short distance physics. For numerical analysis, we used the 
value A = 300 MeV . 

Using the explicit expressions of the full propagator of the light quark, 
Eq. flUl) . and the meson wave functions, and separating the coefficient of the 
structure ^ ^75 one can obtain the theoretical expression for the correlation 
function in terms of a few condensates, distribution amplitudes of the mesons 
and the QCD parameter. 

Having the explicit expression for the correlator from QCD, QCD sum 
rules is obtained by applying Borel transformations on the variables p\ and 
p\ = {pi + g)^ in order to suppress the contribution of the higher states and 
the continuum (for details see e.g. [24-26]). Then equating the final results 
from phenomenological and corresponding parts we arrive at the sum rules 
for the corresponding kaon baryon couplings. Our final results for the four 
analytical functions Ilj, i = I, 2, 3, and 4 (for the structure ^ ^75) are: 

Ili{u, d, s) = 

(m,(l - tf - m,(l - t')) 

Im 2 



327r2 



(m,(l - tf + 3mrf(l - f)) 2i(V, 1) [je - In ^ 

(m,(l - tf - m,(l - e)) 2i(Vx, 1) ilE - In 

+ ^2^9lGG) (m,(l - tf - m,(l - t')) ^^(^a,) {ie - In ^) 
rn? + 2M2 

° -^M (1 - ^m) {9sGG) (maiss) + m,{dd)) (3 + 2t + 3t^)i2{(l)^ 



, Im 2 



3456M6 

9 

TTl — 

(1 - jil^) fXM{ms{dd) + md{ss)){5 + 4t + 5t^)i2{(pa) 

{glGG)ml^ (m,(l - tf - md{l - t")) {Mi{A\\, l-2v)~ i^iK)) 



Im 



30727r2M2 



14 



+ TGsi^M^ ^alGGWu K(l - tf + ma{l - t')) ^l(V||, 1) 
:{glGG) (m,(l - tf - m,(l - t^)) i^i^u) 



11527r2 



A1 



1287r2 



m 



l^M^ (m,(l - - mail - f)) t2{A) 



M 



167r2 



m 



(m,(l - tf + 2mrf(l - t^)) ii(V||, 1) 

+ ^m^^M^ (m,(l - - mail - f)) ii{V^, 1) 

+ ^ (1 - /i^) (-3m,(l - t') - 2m,(3 + 2i + 3^^)) 

- {ss) {Snisil - f) + nidiQ + At + 6r 

+ ^rnl {3{-ss){l - tf - 2{dd){l - tf) i,{^M) 

+ ^rnl, {{-ss){l - tf - {dd){l - t')) t,{A) 

- ^(1 - t'){{dd)m, - {ss)mMT, 1 - 2v) 



Im 
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-m 



M 



{{ss){l - tf - {dd){l - t^)) ii{Aii, 1 - 2v) 



+ ^rnl, {{dd){l - t') + {ss){l - tf) ii(V||, 1) 



Tl2{u, d, s) 



1927r2 



Hm (1 - M (1 - t) i2{4>a) 



+ J^^M\mu + m,){l-t')t2{^M) 
- ^^>l(l-^)X(r,l-2^;) 

+ + - t")^9lGG) - In ^ Z2{^m) 
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Im 2 



327r2 



M 



+ md)M2(l - t^) f - In ^ j «i(3V|, - 2V±, 1) 



'^O .. /-I ~2 \/i I 



1296M2 



- + t) {{dd)mu + md{uu))i2{(j)a) 



+ T^^l(("^« + ^d)M\l - e) (4ii(^||, 1 - 2^;) - 8^i(V|, - V^, 1) - «2(A)) 

i/oTT 

+ ^(1 - A^) [{dd) {mail - e) + 2m„(l + i)^) 
+ (iZ^^) (m„(l - t") - 2m<i(l + tf)] 



864 

:(^,2G'G')(m„ + m,)(l-t2)i2(</.>,) 



11527r2 

|^m^(l - + (m)) {zMh l-2v) + ^l(V||, 1)) 

^(1 - t)^((Jrf)m, + (m)m„)i;(r, 1 - 2^;) (46) 



V2U3{u,d, s) = 

M^(md + mJ (1 + 2^-3^2) 



647r2 



+ Y^2i^-~^M)M'{5 + 2t-7q 



+ 



327r2 

^2i9sGG){m, + m,) (l + 2t - 3^^) z^l^^^,) (7i. " In ^ - 3 

M\l - tf ((m, - ms)ii{A\\, 1) - K + m,)zi(V||, 1)) hi? - In — j 
m^M2(l + 2t - 3i^) {{ma - m,)ii(^x, 1) - {ma + m,)ii(V±, 1)) ^7^; - In 



Im 
167r2 



327r2 ^ 
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+ ^4^(1 - f^li) W + 2M^) (g'.GG) {7 + 6t + 7f) {{dd)m, + {ss)ma) iM 

- Tj^(9!GG)ml,{md + m,)(l - t) ((1 + 3t)^l(^||, 1 - 2v) + (3 + t)zi(V||, 1)) 
+ 384M%^ '"^^^'^^^^^'^ ~ ""^^^^ ~ + 3i)zi(^^, 1) + (3 + i)zi(Vx, 1 - 2v)) 

2 

?77 — 

+ ^^Qg°^2 (1 - /^^) /^A^ ((^"«')"^^ + (^^)^<i) (19 + + 19^2) Z2(0<.) 

- (1 + 2i - 3t2) (3m^(md + m,)i2(A) + 167r2((Jd) + {ss))i2(^M)) 

- Y^rnliirrid + ms)M\l - t) ((1 + 3t)ti{A\\,v) - 2^^{V\\, 1)) 

+ j^ml^M^l - t) (K(l + t) + 2mdt)H{Aii,l) + 2(2m,(l + t) - md{l - t))ii{V±, 1)) 

- ^^M^^d - ms)M\l - t) ((1 + 2,t)H{A^. 1) - (3 + t)H{V^, v)) 

- ^(1 - lLl,){{dd)ma + (ss)m,)(-5 - 2i + if^i^^) 
+ ^(1 - fiM){{dd)ms + (ss)m,)(7 + 6t + 7t2)z2(^,) 

+ ^((^^) + ('^^)) (9"^^(1 + 2^ - 3t')«2(A) + Aml{2 + 3i - 5^2)^2((^^)) 
o04 

- - ^) (-2m,(ss)t + (Jd)m,(l + t)) i\{r, 1) 
+ ^((Jc/)m, + (s.)m,)(l-t)Vi(r,^;) 

- ^rn%^{{dd) + {ss)){l - t) [{1 + 3tMA\\,l - 2v) + (3 + tMV\\,v)] 

+ ^mliiidd) - {ss)){l - t) [(1 + 3t)i,{A±) + (3 + 0^i(V±, 1 - 2v)] (47) 

V2U4{u, d, s) = V2U3{u, d, s) 

- ^m^(md-m,)M2(l-t) [(-l + i)ii(^ll,l)-2(l + 3t)ii(^x,l)] x 
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Jm 2 / 2 



mi,{giGG)imd - m,)(l - t) [(1 + St^Ax, 1) + (3 + t)^i(Vx, 1 



^•^ m^K - - t) [{-1 + t)H{Ah 1) - 4(1 + ^t)H{A±: 1)] 



167r2 



- £^^l((^<i - m,)M^{-3 + 2t + t^)ti{V±, 1 - 2v) 

- ^ ((Jd)m, - {ss)ms) (-1 - 2t + 3i^)i;(r, 1) 

- ^rnl^{{dd) - {ss)){l - t) [(1 + 3t)zi(^x, 1) + (3 + ^)^l(Vx, 1 - 2^;)] 

where M = or K. 

The functions i„, i„, i„ are defined as: 







dv(f{aq, aq, ag)f{v)6{k ■ 


- Uo) 






dv(f{aq,aq,ag)f{v)5'{k 


- Uo) 






l>aq+vag 

dv / dkip{aq,aq, 
Jo 


(^g)f{v)5{k - Uq) 








(49) 



where k — aq-\- vag when there is no integration over k, uq — m^+m'^ ■ 

For obtaining the meson baryon couphngs, we also need to know the 
overlap amplitude of the hadrons. The overlap amplitudes can be obtained 
from the mass sum rules and their expressions can be found in [24,25]. As we 
noted that the other currents can be obtained from TP current and therefore, 
we present result for the residues of this current only: 



A|oe-S = -^Ah + 2t + m-)--^{-l+t)^uu){dd) 



rriQ 



[-l+f){ss){{dd) + {uu)) 



16M2 
3 

+ iog 2 "^o(~l + [iTT'siidd) + (uu)) + {ss){mu + nid)] 



128m^ 



^ -l + tf {{dd)mu + {uu)md) 



647r2 



3 

(-1 + f) {ms{{dd) + {uu)) + {ss){mu + ma)) 



647r2 
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+ ,2, o (5 + 2t + 5f) ({uu)mu + {dd)md + {ss)ms) 

+ ^ [3(ss)((Jd) + (-1 + {-l + t)^uu){dd)] 

9 

+ ^^(-1 + tf {md{uu) + mu{dd)) 

9 

TTi — 

+ ^^(-1 + t') [I3m,{{uu) + {dd)) + ll(ss)(m, + mj] 
m, 



1927r2 



(1 + t + t^) {{uu)mu + {dd)md - 2m^(ss)) (50) 



Note that from the mass sum rules, one can only extract the square of the 
residue, and not the sign. We have chosen our sign convention in defining 
the currents such that in the SU{3)f symmetry limit, the signs correctly 
reproduce the F and D expressions (see for example [27]). 

The contribution of the continuum to the sum rules obtained from Eqs. 
f HSU^ and to the mass sum rules Eq. fl50|) are subtracted using the replace- 
ments: 

M^" ^ [ " dss'^-^e'^, n > 



^2n 



t2 1 /-so 



where = Q m the mass sum rules and = in the sum rules for the 
coupling constants since the meson is real, ^(n) is the digamma functions: 

4){x) = ^\nT[x] (52) 

The subtraction scheme, Eq. fl5T]) . corresponds to taking a triangular domain 
in the double dispersion relation for the coupling constant outside of which 
we use the quark hadron duality to subtract the contributions of the higher 
states and continuum. 



4 Numerical Analysis 

In this section we present our numerical results for the sum rules obtained 
in the previous section for the meson baryon coupling constants. The meson 
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baryon coupling constants are physically measurable quantities, they should 
be independent on the auxiliary Borcl parameter A^^, the continuum thresh- 
old So, and the parameter t. Therefore we need to find regions of these 
parameters where meson baryon couplings are independent of them. 

Prom the sum rules, one sees that the main input parameters are the 
meson wave functions. In our calculations, we will use the following forms of 
the meson wave functions [22,23] 



(t)p{u) 



<l>a{u) 

A\i{ai) 



A±(ai) 
B{u) 

9m{u) 
A{u) 



+ 



6uu (l + af Ci(2'u - 1) + a^cl{2u - 1)) 
SdOrj^aqaqal ( 1 + 1^3 ^(Ta^ - 3) 



1 + 307/3 - 



5 1 



C|(2«-l) 
81 1 



6uu 



Cl{2u-1) 



120aqaqag {vqo + Vio{3ag - 1)) 
120aqaqag (0 + aio{aq — aq)) 

,2 



-30a: 



hoo{l 



hm{ag(l - ag) - Qaqaq) + /iio(ag(l 



30Q;^(Q;q — aq) 

9m{u) - (I)m{u) 



hoo + hoiag + -hio{5ag - 3) 



= goQ {2u - 1) + g2Ci {2u - 1) + g,C! (2u - 1) 



= 6uu 



+ 



16 24 



77 + 777«^ + 20% + + ( --- + --: 



20 



15 
11 



35 



1 



3 

2 is 



210 



4 

135' 



9 



r)3Ws\Ci{2u-l) 



15 16 



7 10 - 

^V3W3 - —V4 ] C| {2u - 1) 



18 \ 
-y «^ + 2l774^^;4 j [2u^{10 - 15u + 6u^) In 



u 



+ 2u^{10 -15u + 6u'^)\nu + uu{2 + 13uu)] 



(53) 



20 





TT 


K 







0.050 




0.44 


0.16 


V3 


0.015 


0.015 




10 


0.6 




-3 


-3 


W4 


0.2 


0.2 



Table 1: Parameters of the wave function calculated at the renormalization 
scale /i = 1 GeV'^ 



where C!^{x) are the Gegenbauer polynomials, 

, 1 
hoQ = Vqo = --?74 

21 9 ^ 

aio = y??4W^4 - 

21 

^10 = -^ViW^ 

o 

!, M 

01 4 ' 20 ^ 



,73 \A 
hio = -riiWA + — a2 



90 



18 20 

92 = 1 + y + 60% + y 

9 

9 a = -^a^-QV3W3 (54) 

and the parameters entering Eqs. (l53ll and (15^ are given in Table ([1]) for 
the pion and the kaon. 

Since the mass of the initial and final baryons are close to each other, 
so we can set Mf = M| = 2M^. Then = |. For this reason we need 
the value of the wave functions only at u = |. The values of the other 
input parameters appearing in the sum rules are: {qq) = —(0.243 GeVY, 
ml = (0.8 ± 0.2) GeV^ [24], /k = 0.160 GeV, U = 0.131 GeV [22] 

An upper bound for the Borel parameter is obtained by requiring 
that the contribution of the continuum to the correlation function is less 
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then 50% of the value of the correlation function. A lower bound is obtained 
by requiring that the contribution of the term with the highest power of is 
less then 20%. Using these constraints, one can find a working region for the 
Borel parameter M^. Continuum threshold is varied in the range between 
So = {iTT'B + 0.5)^ and sq = {niB + 0.7)^. 

In Fig. ([T]), we present the dependence of g^nK on at three fixed 
values of the parameter t and two fixed values of the continuum threshold, 
Sq. From this figure, we see that the results are rather stable with respect 
to variations of in the working region of M^. It is also seen that the 
result depends on the value of t. Our next task is to find a region of t where 
the results are independent of the value of t. For this aim, in Fig. ([2]), we 
depict the dependence of g^nK on cos6', where 9 is defined through t = tan^. 
We see that when cos 61 varies in between —0.5 < cos6' < 0.25, the coupling 
constant gAnK is practically independent of the unphysical parameter t. And 
we find that gAnK = —13 ± 3. 

A similar analysis of the stability of the other coupling constants with 
respect to the variation of the Borel mass M^, the parameter t and the 
continuum threshold Sq is performed (see Figs. (jMSSD)- The results on 
the kaon and pion couplings are presented in Table [2] under the column 
"General Current". In the second column, labeled "loffe current," are listed 
our predictions if we set the arbitrary parameter t = —1. In the third column 
labeled ''SU (3)/," we present the predictions of SU (3) / if one uses the central 
values of the prediction of the general current for the transitions p — pn'^ 
and S"^ Att"^ (marked as "Input" in the table) to determine the F and 
D values. In the same table, we also present the existing theoretical and 
experimental results in the literature (columns 5, 6 and 7) for the same 
coupling constants. 

Comparing the results in Table [H we obtain the following main conclu- 
sions: 

• There are many cases in which the predictions of our analysis using the 
most general current differs considerable from the prediction of the loffe 
current, e.g for the A — > S^K and S° — Ai^° coupling constants, the 
magnitudes as well as the signs are different. Also for the p E+A'", 
— s> nK^ and n S^iT*^ cases, the magnitudes differ by at least a 
factor of three. This difference is mainly due to the fact that, in these 
decays, the predictions for the coupling constants depend strongly on 
the exact value of t around t = —1. Hence t = —1 does not fall in the 
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stability region of the sum rules. 

• Our results arc also different from the results obtained in [f 5, 28] and 
[29] but are closer to the experimental results [30] and [31]. 

• In all cases except the S'' — > 'E^n^ transition, the prediction of the gen- 
eral current is consistent with the SU (3) / symmetry, whereas the loffe 
current predicts large violation of SU{3)f symmetry. The connection 
between the SU (3) f symmetry and the usability of loffe current and 
the reason why there is a large violation of SU (3) / flavor symmetry in 
S° S°7r° transition needs further study and is beyond the scope of 
this work. A plausibility argument can be that since S baryons contain 
two strange quarks, it is reasonable to expect that the SU{3) / violation 
will be more pronounced in this channel. 

In conclusion, the coupling constants of the pseudo scalar K and tt with 
the octet baryons are studied within the framework of light cone QCD sum 
rules. In numerical analysis, we studied the SU (3) / flavor symmetry breaking 
effects due to ^ rUu = rrid = and (ss) ^ (uu) = (dd). It is found that, 
without assuming any symmetry between the light quarks, all the coupling 
constant of the octet baryons to K and tt can be written in terms of only four 
analytical functions, which reduces to the well known F and D functions in 
the SU{3)f symmetry case. We also perform comparison of our results with 
the existing theoretical and experimental results in the literature. 
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Channel 


General Current 


loffe Current(t = — 1) 


SU(3)f 


QSR* 


QSRT [28] 


Exp. 


K^nK 


-13 ±3 


-9.5 ± 1 


-14.3 


-2.37 ±0.09 [15] 

L J 


-2.49 ± 1.25 


-13.5 [30] 

L J 


A ^ S+vr- 


10 ±3 


12 ± 1 


10.0 










4.5 ±2 


-2.5 ±0.5 


4.25 








n — >■ p'K~ 


21 ±4 


20 ±2 


19.8 






21.2 [31] 


n -> E^K^ 


-3.2 ±2.2 


-9.5 ±0.5 


-3.3 


-0.025 ± 0.015 [15] 


-0.40 ± 0.38 


-4.25 [30] 


p^AK+ 


-13 ±3 


-10 ± 1 


-14.25 


-2.37 ±0.09 [15] 


-2.49 ± 1.25 


-13.5 [30] 


p pn'^ 


14 ±4 


15 ± 1 


Input 


13.5 ± 0.5 [10] 




14.9 [31] 


p S+K" 


4±3 


14 ± 1 


5.75 










-4 ±3 


-9.5 ± 1 


-3.32 


-0.025 ± 0.015 [15] 


-0.40 ± 0.38 


-4.25 [30] 


^ Att" 


11 ±3 


12 ± 1.5 


10.0 


6.9 ± 1 [29] 








-13 ±3 


-13.5 ±1 


-14 








S- ^ nK- 


5±3 


15 ±2 


4.7 








S+ ^ A7r+ 


10 ±3.5 


12.5 ± 1 


Input 










-9 ±2 


-7.5 ±0.7 


-10.7 


-11.9 ±0.4 [10] 






^ Aif" 


4.5 ± 1 


-2.6 ±0.3 


4.25 










-12.5 ±3 


-13.5 ±1 


-14 










18 ±4 


19 ±2 


19.8 










10 ±2 


0.3 ±0.6 


-3.32 


-1.60 ±0.05 [10] 







Table 2: The strong coupling constants for various channels both for the 
general current and for the loffe current. The first three columns are the 
results of this work. QSR*(^) is the predictions of the QCD Sum Rules using 
the (Tixvlbl^ff (i 4lb) structure. 
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A Expressions of the Correlation Functions 

Correlation functions for the couplings involving tt": 



n 



n 
n 



S--»S-7r" 



II' 



(ni(w, c?, s) - Ui{d, u, s)) 
V2Ili{u, u, s) 

V2Ili(u, u, d) r=Il2{u, u, d) 

v2 

-\/2ni((i, (i, u) + ^n2(d, -u) 

v2 

-^^2{s,s,d) 



n 



V6 
^/2 



\U.i{u,s,d) + ni(d, - 112(5, (ij-u) - Ii2{s,u,d)] 



\lli{u,s,d) - Iii{d,s,u) + 112(5, (i, -u) 



112(5, M, (i) - ^ni(u, c?, s) + ]^i{d, u, s) 



(55) 



Correlation functions for the couplings involving tt : 



n 
n 



S0_s+7r- 
E--*S07r- 



n 



A^S+7i 



n 



S--»A7r- 



n 



n— »p7r 



-V2Ui{d,u,s) 

V2Ui{u,d,s) 

-112(5, 5, d) 
1 

1 



2n3(ci,s,'u) + V2ni{d,u,s) 
2U^{u,s,d) + ^ni('u,(i,5) 



(56) 



Correlation functions for the couplings involving tt 



n 



= -V2ni{d,u,s) 
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]-[S0-*S-7r+ 

j-|-S+-^A7r+ 
]-jA-*E-7r+ 



V2Ui(u,d, s) 

-U2{S,S,U) 



1 

1 



2U4{d,s,u) + V2Ili{d,u, s)j 
2Us{u,s,d) + V2Ui{u,d, s)] 



-V2U3iu,u,d) 



Correlation functions for the couplings involving K'^ 



d) — 114(5, d, u) 

d) — Tii{s, d, u) 



V3 
—Il2{d, d, u) 
-V2Il3(u,u,s) 
-Us{u,d,s) 



V3 



2V2Ui{u,s,d) + U3{u,d, s) 



Correlation functions for the couplings involving K 



jjA^pK 

ns--.EOK 



-V2Ili{s,u,d)-Us{s,d, 



u 



-U2{d, d, s) 
-A/2n3(s,s,n 
— n4('U, d, s) 

1 



V2Ui{s,u,d) -U3{s,d,u)\ 



a/3 



2V2Ui{u, s, d) + Hiiu, d, s) 



Correlation functions for the couplings involving K^[sd) 



— n4(d, M, s) 

^ \2\/mi{d,s,u) + XlA{d,u,s) 









-^AK 







= -V2U3{s,s,d) 
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1 

7! 



113(5, u, d) — \/2ni(s, d, u) 



^EO-^nK ^ U3{s,U,d) + V2Ui{s,d,u) 

Correlation functions for the couplings involving K^{ds) 



n 



1 



2\/mi{d,s,u) + Xl^{d,u,s) 



V3 

-V2U3{d,d, s) 
j^n^sOK ^ U^{s,u,d) + V2Ui{s,d, 
1 



n 



YIP- 



n^AK 



114(5, u, d) — ■\/2ni(s, (i, u) 



-n2('U, u, d) 



(60) 



(61) 



B Relations in the SU(2) Limit 

Correlation functions involving the pion: 



n 



V2U,{q,q,s) 



n 



A-*S+7r 



n 



■Qn— »p7r 



■QE+-»E+7r _ _]-|-E-^E-7r 



-n 



E"^E+7r 



= n 



E--^E07r _ _]-|-E+-^E07r ^ -qEO-^E-tt 

1 



1 



112(5, s,g) = -ff 



]-|-p-»p7r _ 



V2 

-Qn— +n7r 

n 



= V2Ui{q, q, q) - -^J^2{q, q, q) 

^ ^2n3(g,s,g) + V2ni(g,g,s) 



y/2 



= n 



E-^Att 



A-^E-TT 

1 

n^-^"'^--A/2n3(g,g,g) 
4 

[ni(g,s,g) - n2(s,g,g)] 



2n4(g,s,g) + V2ni(g,g,s) 



(62) 
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Correlations involving the kaons: 





= 






— 


Yjn^AK 




— 














^A-.E-K 






_YlT.o^pK 






j-jA— »ni<" 






jjT,+^pK ^ 














^E-^AK 




^SO^AK ^ 



V2Ui{s,q,q) - U4{s,q,q) 



n 



V2 



K 



= n3(g,g,s) 



1 



2V2n,{q,s,q) + Us{q,q,s) 



V2Ui{s,q,q) - U3{s,q,q)^ 



V3 
-U2{q,q,s) 
= V2Us{s,s,q) 

n4(g,g, s) 
1 



2V2U,{q,s,q) + U4{q,q,s) 



(63) 
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Figure 1: The dependence of the couphng constant QahK on the Borel pa- 
rameter for the values of the arbitrary parameter t — — 1,±5 and the 
continuum threshold sq = 2.25 GeV'^{th.e curves without any symbols) and 
So = 2.75 ' 
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Figure 2: The dependence of the coupling constant gKnK on cos^ for sq — 
2.50 ± 0.25 GeV^ and for the Borel parameter = 0.9 GeV'^{\h.Q curves 
without ant symbols) and = 1.1 GeV'^iihe. curves with circles on them). 
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Figure 3: Same as Fig. [T]but for the A — > S+vr transition 
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Figure 4: Same as Fig. [2] but for the A —>■ E"''7r transition 
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Figure 5: Same as Fig. [T] but for the A "EPK^ transition and for the 
threshold values Sq = 2. 75 (the curves without any symbols) and Sq = 3.25 
(curves witl^ pirplpR^i 
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Figure 6: Same as Fig. [2] but for the A —>■ E^K^ transition and for the values 
of the threshold sq = 2.75 ± 0.25 GeV^ and the Borel mass M = 1.1 (curves 
without any circles), and = 1.3 (curves with circles) 
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Figure 7: The same as Fig. [T] but for the n pir transition. 
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Figure 8: The same as Fig. [2] but for the n ^ pir transition. 
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Figure 9: The same as Fig. [T]but for the n transition. 



=^-10 



-15 
-20 




- s =2.50 GeV 



Sq=2.75 GeV 



1 



-0,5 0,5 

CosG 



Figure 10: The same as Fig. [2] but for the n — > H'^K'^ transition. 
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Figure 11: The same as Fig. [T]but for the p — > AK^ transition. 




Figure 12: The same as Fig. [2] but for the p AK^ transition. 
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Figure 13: The same as Fig. [T]but for the p pn^ transition. 




Figure 14: The same as Fig. [2] but for the p pn^ transition. 
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Figure 15: The same as Fig. [T]but for the p — > S+i^^ transition. 
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Figure 17: The same as Fig. [T]but for the S° nK^ transition. 
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Figure 18: The same as Fig. [2] but for the TP nK^ transition. 
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Figure 19: The same as Fig. [T]but for the E'' — » Avr" transition. 
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Figure 20: The same as Fig. [2] but for the Att^ transition. 
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Figure 21: The same as Fig. [5] but for the S*^ "EPK^ transition. 
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Figure 23: The same as Fig. Elbut for the E — > nK transition. 
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Figure 24: The same as Fig. [6] but for the S — » nK transition. 
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Figure 25: The same as Fig. [T]but for the S"*" Avr"*" transition. 
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Figure 26: The same as Fig. [2] but for the S"^ Avr"'' transition. 
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Figure 27: The same as Fig. [T] but for the S"*" — > S'^tt"'" transition. 
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Figure 29: The same as Fig. [5] but for the S'' KK^ transition. 
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Figure 30: The same as Fig. [6] but for the S° AK^ transition. 
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Figure 31: The same as Fig. [5] but for the H° transition. 




Figure 32: The same as Fig. [6] but for the S*^ H'^K^ transition. 
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Figure 33: The same as Fig. Obut for the S° I1~^K transition. 




47 



15 



10 



— 1 = 


- 1 


-- 1 = 


-5 


- t = 


+5 



Ob 

1,1 



1,2 

(GeV^) 



1,3 



Figure 35: The same as Fig. [T] but for the S° H°7r° transition and 
the threshold values Sq = 2.75(curves without any symbols), and Sq = 
3.25('curv ' ' ' 
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Figure 36: Same as Fig. [2]but for the H^tt*^ transition and for the values 

of the threshold Sq = 3.00 ± 0.25 GeV^ and the Borel mass = l.l(curves 
without any circles), and = 1.3 (curves with circles) 
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